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DENATURATION OF EPIDERMAL KERATIN BY SURFACE ACTIVE AGENTS*
S. P. HARROLD, M.A., A.R.I.C.
The interaction of anionic surface active agents
with soluble proteins leading to the formation of
complexes and to denaturation (the change in
configuration of protein polypeptide chains) has
been well substantiated (1). The extent and
nature of the interaction of surface active agents
with fibrous proteins is less well known. While it
might be inferred that all proteins will react in a
similar manner, there is evidence (2), (3) that
there are differences in resistance to denaturation
by detergents among globular proteins. Previous
work on fibrous protein has been carried out on
collagen, wool and hard keratin (4, 5, 6, 7, 8).
Van Scott and Lyon (9) studied the extent of
denaturation of epidermal keratin by a number
of American household washing products and
suggested that denaturation was related to the
way these materials affected the skin.
In the present paper the work of Van Scott and
Lyon has been extended to cover the components
of household washing products including a num-
ber of surface active agents and salts commonly
employed as adjuvants, and also several British
household washing products. The extent of de-
naturation has been compared with the effect
these materials have on the skin to determine
whether in fact any relationship exists, and, if so,
to which component it could be ascribed.
EXPERIMENTAL
Materials
Epidermal keratin was selected from normal
callus, supplied by chiropodists. This was ground
with the addition of a few small pieces of solid
carbon dioxide to prevent overheating, and then
sieved to give a fraction which passed a 100 mesh
screen and was retained by a 150 mesh screen
(particle diameter of about 0.1 mm.). This was
fine enough to show sufficient change in SR content
to give adequate readings and yet not so fine as
to be extensively denaturated during grinding. It
contained 7.6% water and 15.9% nitrogen on a dry
weight basis and was stored at 0—4°. Ether extrac-
tion to remove any residual sebum before treat-
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ment with a surface active agent solution did not
significantly alter the increase in SR availability.
Sodium alkyl benzene sulfonate (ABS) was pre-
pared by direct sulfonation of tetrapropylene
benzene with SO, (10). Extraction with hot ethanol
and filtration removed inorganic salts and, after
dilution to 66% ethanol, the unsulfonated
materials were extracted with light petroleum.
Azeotropic evaporation gave a powder which was
dried in an oven at 105°. It had a residual water
content of 3.7% by toluene distillation. The
material was 96.7% pure (dry weight basis) by the
method of Epton (11) with a molecular weight of
340 by the benzidine complex method (12). The
theoretical molecular weight for tetrapropylene
benzene sulfonate is 348.
B.P. Sodium lauryl sulphate (AS) was recrystal-
lized several times from ethanol and finally dried
in an oven at 105° to a water content of 0.8%.
Purity (dry weight basis) was 99.4% by Epton's
method (11), with a molecular weight by benzidine
complex (12) of 292. The theoretical molecular
weight is 288.
The soap was a commercial sample prepared
from a mixture of tallow and coconut oil fatty
acids. It contained 0.5% water and 98.4% soap, the
fatty acids of which had an equivalent weight of
255. The theoretical equivalent weight of 75/25
ratio of C18/C,, fatty acids is 258.
The non-ionic detergent (tallow alcohol-ethyl-
ene oxide condensate, average molecular weight
700) was prepared by direct addition of ethylene
oxide to tallow alcohol, using 0.5% sodium hy-
droxide by weight as a catalyst, until ten ethylene
oxide groups, as judged by weight increase, had
been condensed. It was neutralized to pH 7 with
hydrochloric acid.
Household soaps and detergents of several
manufacturers were used as purchased. The
heavy-duty soaps contain in addition to soap,
sodium carbonate, sodium pyrophosphate and
sodium silicate. Heavy-duty synthetic detergents
contain sodium tripolyphosphate, sodium silicate
and sodium sulfate as major components in addi-
tion to surface active agents. Light-duty synthetic
detergents contain a higher proportion of surface
active agents with sodium chloride, sodium sulfate
and sodium pyrophosphate.
Bennett's reagent (1- (4-chioromercuriphenyl -
azo)-2-naphthol) was synthesized according to
the method of Bennett and Yphantis (13). It was
recrystallized from n-butanol and dried over
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P205 in vacuo; m.p. (corrected) 293° with blacken-
ing; Bennett and Yphantis (13) give m.p. 291.5—
293° (corrected) with blackening.
Sodium salt of p-chloromercuribenzoic acid was
prepared by dissolving the acid in 0.1 N sodium
hydroxide and diluting to approximately 0.001 M
with water. The molarity of the solution was
found by iodometric titration (14).
Hydrochloric acid, amyl acetate, iodine, sodium
thiosulfate, sodium carbonate, sodium sulfate,
sodium pyrophosphate and sodium tripolyphos-
phate were of A.R. quality. Sodium silicate was
commercial grade.
Experimental Technics
Denaturation Measurements
The extent of the denaturation of powdered
keratin was determined by analysis for the in-
crease in availability of sulfhydryl (SH) groups
based on the method of Flesch and Kun (15).
Attempts to use the method as outlined by Van
Scott and Lyon (9) were unsuccessful where soap
was involved since the presence of soap causes
peptization troubles which interfere with the
estimation. Consequently the method was modi-
fied as follows:
Powdered keratin (20 mg.) was weighed into a
50 ml. centrifuge tube and placed in a constant
temperature water bath at 40°. After adding 2
ml. of the solution under test the mixture was
agitated with a rotating glass stirrer for 2 hr. At
the end of this time the powder was separated by
centrifuging, resuspended in 2 ml. distilled water
and recentrifuged. This step was necessary to
prevent emulsification by residual surface active
agent during the process of estimating SH
groups. After removing supernatant water, Ben-
nett's reagent in amyl acetate solution (5 ml.)
was added and the change in color of the dye
solution estimated after reaction with the pro-
tein. Portions of a freshly prepared glutathione
solution were used as a standard for SIT groups.
The following preliminary experiments were
carried out to determine the reliability of the
method.
1. It was found that the color of the dye at
the stage where hydrochloric acid is added began
to fade after 15 mm. Fading over the small
range of optical density encountered was linear
with time, hence a standard curve was drawn
such that differences in optical density between a
dye solution alone and a portion which had
been depleted by reaction with SH groups indi-
cated the quantity of SH groups present.
2. Because Cannefax and Freedman (16)
found, when using this technic, the estimation of
glutathione was inaccurate in the presence of
thioglycollate, it was decided to test the effect of
keratin and small amounts of surface active agent
on the accuracy of this determination. No such
interference was observed. Light absorption by
the dye was not altered by previous contact with
surface active agent.
3. Although, for the particle size chosen, it wa
rare to find more than 1 x 10 rn-mole SH/100
g. keratin after grinding, it has been shown (17)
that grinding keratin can affect the available SIT
content; hence all results are expressed in terms
of increase in availability of SIT groups (zSH).
To establish the accuracy of the method the
standard deviation of the mean of three deter-
minations was calculated from a group of 21
experiments, each being the mean of three de-
terminations. These groups of three covered the
range of surface active agents and concentrations
used in this work under the same conditions. The
value was 3.6 )( 10 in terms of rn-mole 511/100
g. keratin. Calculation of the Least Significant
Difference [ta /75where Student's t is taken
for the 95% probability level and (n — 1)
readings, where n is the number of observations
—in this case three—for each result included in
the pooled standard deviation a-] shows that in
these experiments the means of three quoted
must differ by 5.9 X 10 rn-mole SH/100 g.
keratin before they can be considered significant.
No more denaturation of keratin occurs after
4 hr. contact with 0.1% or 0.5% surface active
agents than after 1 hr. Hence a moderate time of
2 hr. was chosen.
As a control throughout these experiments the
liberation of SH groups by the action of 0.1%
ABS solution on a portion of keratin was esti-
mated. The mean result and its standard devia-
tion had been determined as above for this esti-
mation. When control results differed by more
than three sigma from the mean, the experiments
run in parallel were repeated. This happened
very infrequently.
p-Chloromercuribenzoate was standardized for
SIT against glutathione: excess of the former was
reacted with standard 0.005 N iodine and excess
iodine was titrated with 0.005 N sodium thio-
sulfate. Preliminary experiments showed a reac-
tion period of 20 mm. was necessary with the
SH containing material and 5 mm. with iodine.
After 20 ml. of this reagent had been agitated
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with 200 mg. protein the suspension was filtered
using a water pump and a S ml. portion taken
for titration. The blank was water, instead of
reagent, in contact with protein which had
undergone the same treatment, such as acetone
washing, as the protein in the experiment.
In vivo measurements
Knowledge of the effect of the materials on the
skin was gained in the laboratory by means of an
immersion test in which housewives soaked their
hands in 0.5% solutions for 1 hr. per day at 40°
on each of two successive days. Three experi-
mental materials were evaluated at any one time
by comparison with two materials which were
common to all tests. In this way the results of
several tests could be combined. Eighty house-
wives were required for each evaluation of three
experimental and two control samples. Examina-
tion of the hands was made using a wide-angle
(x 10) binocular microscope (18) before the first
immersion and three days after the second. The
skin was graded on a scale where perfect skin
is graded 0 and skin showing extensive seal-
ing is graded 10. On this scale normal hands rate
4—5 and are changed very little by immersion in
water. The change in skin condition was recorded
and also the difference between the left and right
hand, each of which was immersed in a solution
of a different material. The difference between
hands (materials) was evaluated by a multiple
paired comparison at the 95% probability level.
The relative effect of washing materials under
home conditions was determined by a series of
tests similar to that described by Johnson et al.
(19), in which housewives used each product un-
der test exclusively for all normal washing pur-
poses in the home for two weeks. A pilot study
established that two weeks was the shortest time
which gave the same results as a longer period.
Four or five materials were tested together by a
panel of 800 or 1000 housewives, using an experi-
mental design which reduced bias from factors
other than the test material and enabled a reli-
able estimate to be made of the effect of the
sample under test. Thus, housewives chosen
from one locality, are of similar age, do not use
hand-cream and have similar washing habits. The
materials were distributed to ensure a balance
for age, regular product used and normal skin
condition. To ensure proper random selection of
personal idiosyncrasies and skin types each group
testing one product comprised a minimum of 200
housewives. This entailed examinations on several
days and in view of the dominant effect of the
weather on skin condition (previously estabhshed
in a pilot study) the experiment was divided into
subgroups identical for each day, containing an
equal number of housewives testing each product.
A dermatologist recorded the condition of the
hands as before. The effect of the materials used
is expressed by the average change in the condi-
tion of the housewives' hands and the results are
calculated by a multifaetorial analysis of vari-
ance.
RE5ULTS
Effect of Different Surface Active Solutions on SH
Content of Keratin
1. When pure surface active agents are ex-
amined by themselves (fig. 1) there is no signifi-
cant difference between the anionic soap and
synthetic detergents at concentrations below
0.1%. At this concentration an inflection occurs
in the curves and at higher concentrations AS
causes more denaturation than ABS, which de-
natures more than soap. The non-ionic material
shows very little denaturation.
By comparison, the known denaturing agent,
guanidine, denatures to the extent of 35.0 x 10
m-mole Sf1100 g. keratin at a concentration of
0.5%, abciut to the same extent as does 0.5% AS.
2. Since commercial washing products contain
large quantities of added salts to improve their
performance, an investigation was also carried
out to determine the effect of these salts both by
themselves and in various mixtures of surface
0
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Rio. 1. Denaturation of keratin by surface
active agents after 2 hr. at 40°. A, sodium lauryl
sulphate; B, sodium alkyl benzene sulphonate;
C, tallow/coconut oil soap; D, non-ionic tallow
alcohol-ethylene oxide condensate.
0 0.1 0.4 0.5
584 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
active agents. Addition of salts was made to
simulate a washing compound containing 20%
surface active agent, 40% sodium tripolyphos-
phate, 7% sodium silicate, 20% sodium sulfate
and 13% water.
From the results given in Table I it can be
seen that while sodium sulphate does not de-
nature, sodium tripolyphosphate and sodium
silicate both denature and to the same extent.
The effect of the mixture of the three salts is not
additive although it is significantly more than
the effect of the surface active agent by itself.
On the other hand mixtures of ABS in the mixed
salt solution are roughly additive. The surface
active material is not the principal cause of
denaturation by synthetic detergents formulated
in this way. Soap causes little denaturation and
surprisingly, prevents denaturation in mixtures
of soap and added salt. It does not, however,
prevent denaturation of soap/ABS mixtures. in
fact the mixture of the two denatures to an ex-
tent greater than additive.
3. The effect of pH on the denaturation of
keratin by mixtures of surface active agents and
salts was investigated. Although the buffering
action of keratin was sufficient to reduce the pH
of all solutions during the reaction it was seen
(Table I) that pH is not an important factor in
denaturation of keratin by these solutions.
4. The total number of SH groups which result
from complete denaturation of keratin was esti-
mated by boiling 20 mg. keratin for 10 mm. with
10 ml. 10% guanidine. A value of 80.6 X 10
in-mole SH/100 g. was found. Use of 20%
guanidine did not release any more. Attempts to
make this estimation by boiling keratin with
10% sodium lauryl sulphate (20, 21) were unsuc-
TABLE I
Effect of surface active agents, salts and their combinations on the denaturation of keratin
Solutions were in contact wit,h keratin for 2 hr. at 40°
Denaturing Agent
LsSH rn-mole/lid g.
Keratin (dry wt.)
xlii
pH of Solutions
..Initial Final
Water 0.2 690 6.47
Water 1.3 10.38* 6.80*
ABS (0.1%) 12.3 6.82 6.70
ABS (0.1%) 7.6 10.38* 8.80*
Sodium Sulphate (0.1%) (X) 0.0
Sodium Tripolyphosphate (0.2%) (Y) 18.9
Sodium Silicate (0.035%) (Z) 17.7
X(0.1%) + Y(0.2%) + Z(0.035%) 18.5
ABS(0.1%) + X(0.1%) + Y(0.2%) + Z(0.035%) 37.2 10.38 8.24
Tallow/Coconut Oil Soap (0.28%) 5.5 9.95 7.95
Sodium Carbonate (0.06%) (A) 34.5 10.46 8.76
Sodium Pyrophosphate (0.025%) (B) 2.0
Sodium Silicate (0.025%) (C) 8.0
A(0.06%) + B(0.025%) + C(0.025%) 26.8
Tallow/Coconut Oil Soap (0.28%) + A(0.06%) + B(0.025%) +
C(0.025%) 4.5 10.50 8.79
ABS(0.1%) + Tallow/Coconut Oil Soap (0.1%) 35.3
ABS(0.5%) 28.1
ABS(0.5%) + X(0.5%) + Y(1.0%) + Z(0.18%) 70.8
AS(0.5%) 41.4
AS(0.5%) + X(0.5%) + Y(1.0%) + Z(0.18%) 66.1
Tallow/Coconut Oil Soap (0.5%) 9.0
Tallow/Coconut Oil Soap + X(0.5%) + Y(1.0%) + Z(0.18%). 4.0
Tallow Alcohol-ethylene oxide condensate (0.5%) (TAE10). .. . 3.3
TAE10(0.5%) + X(0.5%) + Y(1.0%) + Z(0.18%) 39.8
LSH must differ by more than 5.9 to be significant.
* Initial pH adjusted by addition of NaOH.
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cessful because of difficulties caused by emulsifi-
cation.
5. In certain cases it has been found that pro-
tein denaturation is reversible (22, 23). Putnam
(24) points out the question of reversibility can-
not be answered positively and categorically.
While it was not possible in these experiments
completely to establish that re-natured keratin
was identical with the native material, it was
found that removal of the denaturing agent
caused a reduction in availability of SR groups
back to the original value. Keratin which had
been denatured by 2 hr. contact with 0.5%
ABS solution at 40° was separated by centrifug-
ing, rinsed once with water and resuspended in
water for a further 2 hr. at 40°. This led to a
reduction in SR content from 28.1 X 10
m-mole/100 g. to 15.2 X 10 m-mole/l00 g.
keratin. Following a method similar to that sug-
gested by Lundgren (25) a further series of ex-
periments was conducted in which aqueous ace-
tone was used repeatedly to extract the detergent
from the protein. Following each extraction the
acetone solution was tested for the presence of
ABS by adding aqueous methylene blue and
chloroform which gives a blue color of the
ABS-methylene blue complex in the chloroform
layer when ABS is present. The SH content was
estimated in portions of keratin which had had
increasing numbers of extraction. After 9 extrac-
tions no ABS could be detected in the aqueous
extract and as Fig. 2 shows, the available SH
has reverted to its former low value.
Fo. 3. Denaturing ability of solutions of sur-
face active agents and guanidine compared with
their effect on skin measured by an immersion
test in which housewives soaked their hands in
0.5% solutions for one hour per day at 40° on each
of two successive days. Where blocks overlap diff-
erences between materials have no statistical sig-
nificance . *
1 = Tap water, 8°H.2 = Tallow/coconut oil soap.3 = Non-ionic tallow alcohol-ethylene oxide
condensate.4 = Guanidine.5 = Sodium lauryl sulphate.6 = Sodium alkyl benzene sulphonate.
* Skin condition first recorded on a scale where
perfect skin is graded 0 and skin having extensive
scaling is graded 10. On this scale normal hands
rate 4—5 and are changed very little by immer-
sion in water. The mean reading for each material
subsequently converted to a scale where mean
post-immersion change brought about by water is
called 0.
In a similar way the SH content of keratin
which had been in contact with AS reduced from
8.2 to 0.7 X 10 m-mole/100 g. keratin by 9
extractions.
No SR-containing material could be found in
the aqueous extract from these experiments,
though the addition of glutathione in the con-
centration at which SR groups might be present
was readily estimated. This indicates that none
of the protein has been broken down during
washing.
As a further check on the identity of the pro-
tein the total amount of free SR groups was de-
termined before and after both denaturation and
renaturation. In this study p-chloromercuriben-
zoate was selected as a reagent which is specific
for SR groups and which can penetrate further
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A SH(m-mole/IOOg. keratin)X I02;0.5% solns.,2hr. ot40
0
x
a
00
a;
6
6I
Co
*1
6
Number of extractions
FIG. 2. Reversal of denaturation of keratin by
sodium alkyl benzene sulphonate. Keratin ex-
tracted with aqueous acetone after 2 hr. contact
with ABS at 40°.
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into the structure to reveal 511 groups not acces-
sible to the larger dye molecule (26). By adapting
the technic of Hellerman, Chinard and Deitz
(14), an initial 811 content of 64.7 x 1O m-mole/
100 g. keratin was found. Denaturation for 2 hr.
at 40° with 0.5% ABS caused no significant
change in this quantity, neither did acetone ex-
traction of this denatured protein until all ABS
was removed. A further denaturation of this
renatured material and subsequent removal of
the denaturing agent gave essentially the same
value (61.4 X 10 rn-mole 811/100 g. keratin).
This indicates that no permanent change in the
protein has occurred.
Fio. 4. Comparison between denaturing ability
and the effect on the skin of household soaps and
detergents under home conditions. Where blocks
overlap differences between materials have no
statistical significance.*A = pure soap.
B, D, E = heavy-duty synthetic detergents con-
taining sodium tripolyphosphate, so-
dium silicate, and sodium sulphate.C = heavy-duty soap containing sodium
carbonate, sodium pyrophosphate and
sodium silicate.
F, C = near neutral pH light-duty synthetic
detergents containing a higher propor-
tion of surface active agents than B,
D, E with some sodium chloride, sodium
sulphate and sodium pyrophosphatc.
* Skin condition first recorded on a scale where
perfect skin is graded 0 and skin having extensive
scaling is graded 10. On this scale normal hands
rate 4—5. The mean reading for each material sub-
sequently converted to a scale where mean post-
immersion change brought about by pure soap is
called 0.
Comparison of In T7ivo Measurements and Dc-
natvration Measurements
1. A comparison between relative denaturing
ability and the effect on the skin of several sur-
face active agents, water and guanidinc is shown
in Fig. 3.
There is some similarity under these conditions.
Thus, pure soap and non-ionic detergents have
very little effect, while the synthetic detergents
AS and ABS denature kcratin in dilute solution
and have more effect on the skin. Guanidine,
though it denatures as much as ABS has relatively
little effect on the skin.
2. Fig. 4 shows the extent to which kcratin is
denatured by contact with solutions of household
washing products for 2 hr. at 40° compared with
their effect on the skin determined by examina-
tion of the hands of housewives after two weeks
sole usage of each material in turn. No correla-
tion exists between their effect on the skin and
denaturation under these conditions. For ex-
ample, though heavy-duty soap products (con-
taining salts) have very little denaturing effect
and heavy-duty synthetic detergents (also con-
taining salts) show considerable denaturing
ability, they both have essentially the same
effect upon the skin. On the other hand light-
duty synthetic detergents do not denature as
much as heavy-duty detergents and yet show
considerably more effect upon the skin.
DISCUSSION
The mechanism of denaturation as measured
by increase in sulfhydryl groups is not fully under-
stood. Increase in SH availability does not neces-
sarily imply a breakdown of the protein (20).
Covalent disulfidc bonds joining adjacent poly-
pcptidc chains arc not likely to be broken to give
S11 groups under conditions observed here where
the pH of the solutions is below 11—12, at which
dissolution and breakdown of keratin could
occur. If it is assumed that the free S11 groups
arc made accessible by moving apart the poly-
peptide chains through separation of weak hydro-
gen bonds and salt linkages by denaturing agents,
it seems reasonable to believe that adsorption of
the surface active agents on keratin parallels the
degree of denaturation. Preliminary work in these
laboratories (27) has indicated there is good cor-
relation between affinity of the surface active
agent for kcratin and its denaturing ability; non-
anionies are unadsorbed, soaps are adsorbed to a
a
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ciJ
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I I
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greater extent and AS and ABS to a still greater
extent. Such adsorption is shown to be reversible
and thus agrees with the apparent reversibility
of denaturation.
The maximum quantity of Sil liberated
(80.6 x 10 m-mole SH/100 g. keratin) agrees
with that found by other investigators (20, 21)
as does also the value found in keratin exposed
only to boiling water (2.6 X 102 m-mole SH/
100 g.). It is evident that complete unmasking of
available SR groups does not occur except in
concentrated solutions at boiling temperatures.
The inflections in the curves relating dcnatura-
tion to concentration occur at the critical micelle
concentration at which detergent anions associate
together, indicating that some such complex for-
mation may be taking place in the protein ac-
counting for the increased dcnaturation. The fact
that the nonionic material does not denature
supports the view that surface activity alone is
not important in dcnaturation. While an ap-
parent correlation between denaturing ability
and effect on the skin was observed for pure
surface active agents alone and at high concen-
tration, it has been shown that, when salts arc
added, as in household washing products, there
is no correlation between denaturing ability and
effect upon the skin.
SUMMARY
1. The increase in availability of sulfhydryl
groups has been observed as a measure of the
extent of dcnaturation of a fibrous protein by
anionic and non-ionic detergents, with and with-
out the addition of salts.
2. It is found that the non-ionic agent does not
increase the availability of sulfhydryl groups; soap
increases it very little, sodium alkyl bcnzcnc
sulfonatc and sodium lauryl sulfate have a
greater effect which increases with concentration.
Soap prevents the dcnaturation brought about by
sodium phosphates, sodium silicate or sodium
carbonate. The reason for this is not known.
3. The dcnaturation of epidermal kcratin by
sodium alkyl bcnzcnc sulfonate and sodium
lauryl sulfate has been shown to be reversible.
4. A comparison has been made between de-
naturation and the effect of pure surface active
agents and household washing products on house-
wives' hands. While an apparent correlation
between denaturing ability and effect upon the
skin was observed for pure surface active agents
used alone and at high concentration, it has been
shown that when salts are added, as in household
washing products, there is no correlation between
denaturing ability and effect upon the skin.
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